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ABSTRACT 
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A material aatlafying the ohealoal formula for alllcon mon¬ 
oxide oan he made by controlled oondenaatlon of rapora obtained by 
heatiog finely divided alllcon and allloa in vacuum. Silicon mon¬ 
oxide la atructurally different from either alllcon or alllcon 
dioxide 4 and exiata only In amorphoua fom. The relatively lov 
temperature at vhlch alllcon monoxide evaporatea, Ita amorphous 
atructure, and the good chemical and mechanical realatance of thin 
fllma of thla material make it eapecially suitable for producing 
protective layers on front-surface mirrors asod for preparing replica 
and support films for electron microscope and electron diffraction 
studies. Unlike silicon dioxide^ silicon monoxide absorbs strongly 
in the ultraviolet. The Increase In ultraviolet transmission of 
silicon monoxide films In air at various temperatures has been 
used to measure their oxidation to silicon dioxide. Slov de¬ 
posited films of silicon monoxide oxidize more rapidly and deeper 
than fast deposited ones. The looser structure and lover density 
of slov condensed films accounts for this difference in oxidation 
behavior. When a vaouum*deposlted thin film of silicon monoxide is 
heated in an inert atmosphere^ it remains unchanged up to tempera¬ 
tures of about 600 C, but it decomposes to silicon and silica vhen 
exposed to higher temperatures for several hours. The heat-treated 
decomposed film has higher absorption In the visible and ultra¬ 
violet than has the luitreated silicon monoxide coating. On heating 
to betveen 8^0 and 900 C In a vacuum of an oil diffusion pump the 
precipitated silicon of the decomposed films of silicon monoxide 
is changed to silicon carbide. The cracking of oil molecules on 
heated surfaces furnishes the carbon for this reaction. Methods 
for preparing replica and euppoirb films of silicon monoxide and 
their various uses for electron microscope and electron diffrac¬ 
tion studies are described. 


4 
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BBOEgRrUfl, OaOBilTIOI. MOOWPOSITIQM. AMD 

APPLid/LTioaS or Ttri ipji^ of siliooi kmisma 


I. imOlXICTION 

The generallj kxiovn oxide of allloon la allloon dioxide, vhloh 
exlata In rarlona aodlfloatlona. BbveTer, under special oondltlons 
a lover oxide of allloon, allloon oonoxlde, oan also he fbmed. The 
exlatenoe of allloon monoxide vaa first reported hr Potter^ In 190T« 
More reoent InYestlgatlons on the preparation, hehavlor, and ahaorp- 
tlon apeotra of this oon^ouxid hare been puhllahed h 7 Bonlweffer,^ 
Blits and Ehrlloh,^ Zlntl and others,^ Oel'd and SbohneT,^ Chruhe and 
Speldel,” and Eraamua and Perason.■ An extensive revlev of the 
literature oonoernlng allloon monoxide and Its hearing on steel 
practloe has been reported h7 Zapffe and Slms.^ 

One of the attractive properties of silicon monoxide is its 
relatively high vapor pressiire. It evaporates at mnch lover tempera¬ 
ture than silicon or silicon dioxide, and oondennea on cooler sur¬ 
faces In xmlform khA adherent fllma vhen evaporated in high vacuum. 
Silicon monoxide Is, therefore, especially suitable for producing 
protective layers on ftront-surface mirrors,9 and for preparing 
replica and support films for electron microscope and electron 
diffraction studies.^® It oan also be applied as a thin Inter-layer 
to Increase the adherence of metallic coatings on glass, plastic, azid 
metals.^ 

In spite of the extensive literature published on silicon monox¬ 
ide, very little Is hnovn In regard to the oxidation rates of sill- 
cone monoxide In air at various temperatures. Its decamposltlon at 
high temperatures, and the effect of the speed of eyaporatlon on 

n Ho N. Potter, Trans. Am. Eleotrochem. Soc. 12, I 9 I ( 1907)0 

2. K. F. Bonhoeffer, Zs. F. phys. Chem. 13 I, 3^ (1928). 

3 . W. Blitz and P. Ehrlich, Haturvlss 26, I 88 (I 938 ). 

4o E. Zlntl, W. Brauning, H. Qrube, V. Brings, and W° Moravietz, 

Zs. fo anorg. allgem, Chem. 24^ , 1 (191^0). 

P. 7. Gel'd and M. I. Eochnev, Dohlady Ahad, lauk, S.S.S.R. 6 I, 
61^9 ( 191 ^ 8 ), and Zhur Priklad Khlm 21, 121^9 (19*^8). 

6 . Or, (knibe and H* Bpeldel, FIAT Hevlev of German Science 1939-19^6, 
Inorganic Chemistry, Part I, pp. 263-4 (1948). 

7 . H. deWet Erasmus and J. A. Persson, J. Electrochem. Soc. 3^6 

(1949). 

80 C. A. Zapffe and C. E, Sims, Iron Age, 149, Ho. 4, pp. 29 - 3 I 
(Jan 22, 1942) and Ho. 5, PP. 34-39 (Jan 29, 1942). 

9 , G. Hass, German Patent lIRP. Hr. 28o/42 (1942), and G. Bass and 
N. W. Scott, J, Opt. Soc, Am. 179 (1949)• 

10, G. Hass and H. Kehler, Optlk 5/^8 (1949). 

11, G. Bass, German Patent IRP, Hr, 208/43 (1943). 
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tile oondeoMte Ibzaed. 

The present paper presents data on these reactions and pheno»> 
ena> vhloh hare a great Inflnenoe on the properties and heharlor 
of Tacuoa•deposited silicon nonozlde fllas and dlsonsses the appli* 
cation of these filas for electron nlorosoope and electron dlfftec- 
tlon studies. 


II. HBgABATIOl. laOBITTi AID STBPCTORB OF 

snjcoM Mpyoocuffi rnxs 

Some of the xeaotlons which produce silicon monoxide at rela- 
tiTelj low teiqwrature are as follows: 


( 1 ) 

SIO 2 

♦ Si 2 SiO 

( 2 ) 

3102 

4 . Bg -^310 

4 BqO 

(3) 

SlOg 

f C ->*310 

♦ CO 


31 

f MeO-^Me 

♦ 310 

(5) 

AlgO^ 

.23102 ^ 231 

>•> AI 2 O 3 toio 


The first reaction is most suitable for producing large quantities 
of silicon monoxide and for preparing thin films of this material. 
The mixture of silicon and silicon dioxide begins to glxe off 
noticeable amounts of silicon monoxide rapor at about 1100 C. It 
can, therefore, be used directly for depositing thin films of sili¬ 
con monoxide. However, more consistent results are obtained by 
using as starting material a silicon monoxide condensate prepared 
by reaction (l). Beaction (2) gives the partial reduction of 
silicon dioxide by hydrogen. It also starts to become noticeable 
at about 1100 C, ajad is of Interest for the silica glass industry 
since this reaction can decrease remarlcably the ultraviolet trans¬ 
mission of silica glass, fieactions (3) aiui (^) demonstrate that 
silicon monoxide films can also be deposited by heating silica in 
a carbon crucible or silicon in a container of hl^ melting oxides. 
Beaction (^) shows that not only free silica but also silica bound 
in silicates cem be reduced with suitable reducing agents and re¬ 
moved at high temperatures. The reaction can be used for desllicl- 
fication of silicates if the desilioified materials have lower 
volatility than silicon monoxide. 

Fig. 1 shows a sketch of the arrangement used for producing 
silicon oionoxlde hy heating silicon and silica in vacuum. It 
demonstrates the Influence of the temperature on the condensate 
formed. A mixture of finely divided silicon and silica is placed 











k 


in the closed end of a allloa tube. The tube is inserted Ison- 

tally in a furnace, evacuated to a pressure lover than 10 ^ nm Bg 
and heated to about 12^0 C. Silicon monoxide evolves from, the 
heated mixture and condenses on the cooler parts of the silica tube. 
The upper scale shovs the tenqperature distribution along the silica 
tube during the evaporation and reconde&satlon of silicon isozxncide. 
The silicon monoxide vapor condensed at a ten^rature higher than 
SCX) C forms a loose, light brovn material, vhlle the condensate ob¬ 
tained at lover temperatures Is dark brovn to black, massive and 
glasslike. There Is alvays much more material condensed at the 
lov temperature side of the silica tube than at the hl^ teu^era- 
ture one. Indicating that the silicon monoxide that condenses at 
a temperature of 800 C or higher re-evaporates to a high degree. 
Both types of condensed material have been Investigated vith mono¬ 
chromatic Z-rays. The light brovn material shovs sharp lines of 
silicon and diffuse rings of silica and Is, therefore, a mixture 
of crystalline silicon and amorphous silica. That means that 
silicon monoxide vapor becomes decosqposed to silicon and silica 
if it is condensed at hi^ temperatures. The Z-ray diffraction 
pattern of the dark material has neither a diffraction ring of 
silicon nor of silica. It shovs vith appre^able intensity 
only one halo, corresponding to a Bragg spacing of about 3 . 6 O A. 

The dark condensate is a homogeneous, amorphous material satisfy¬ 
ing the chemical formula for silicon monoxide, a fact that can 
be demonstrated by a chemical test using hydrofluoric acid, in 
which it is found to be completely soluble, while the light 
brovn condensate leached vith hydrafluorlc acid becomes dissolved 
only to approximately 68 percent, leaving insoluble finely divided 
silicon. 


The apparatus for producing thin films of silicon monoxide 
by evaporation in high vacuum is shown in Fig. 2. The vacuum 
chamber is a glass bell ^ar, 17 Inches in diameter emd 27 inches 
high, placed on a metal .<^-.se plate. heating element for the 

silicon monoxide is mounted close to the base plate, and consists 
of a boat, made from a sheet of tantalum measuring h by 1.5 by 
0.008 inches, filled with small pieces of silicon monoxide. The 
current to heat the boat, and thus its temperature emd the speed of 
evaporation of the silicon monoxide, can easily be controlled and 
varied. The mirror form or substrate to be coated with silicon 
monoxide is placed in the upper part of the evai>oratlon chamber 
15 to 20 inches above the evaporation source. Before the evapora¬ 
tion is performed, the mirror form is cleaned by a high voltage 
glow discharge of 5 OOO volts at 75 milliamperasfor 10 minutes to 
increase the adlierence of vacuum-deposited films. The high voltage 
discharge electrode (cathode) consists of an alumlnimi ring placed 
midway between the mirror form and the evaporation elements. High 
reflecting coatings of aluminum cam be deposited and protected with 
silicon monoxide in the same vacuum unit. 
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Fig. 3 shows the deposition rates In Angstrom units per second 
(A1 sec) and the density of the films condensed as functions of 
the boat temperature. The trx^ compound silicon monoxide with a 
density of 2.1^ g per cu cm was used as starting material. All 
evaporations were carried out at a vacuum of about 1 to 2 x 10-5 
mm Bg emd the vapor was condensed l8 inches above the evaporation 
source. After the boat had reached a constant temperature, which 
was measured by platinum platinum-rhodium thermocouple, the silicon 
monoxide vapor was allowed to condense on an optically flat glass 
for k to 10 minutes. The amount of the condensate obtained was 
determined with a microbalance artfl its thickness was measured by 
means of Wiener's interference fringes greatly sharpened throizgh 
a miiltlple beam action.Thus the condensation rates anH the den¬ 
sity of the deposited material could be determined with high ac¬ 
curacy. The speed of evaporation Increased rapidly with the tem¬ 
perature, as expected. The density of the films produced at a 
deposition rate of 6 to 12 A per second, or a boat temperature of 
1200 to 1250 C, was about the same as that of the starting material. 
But it was higher for very rapidly condensed films and lower for 
slow condensed ones. If silicon monoxide Is evaporated at higher 
pressure (p>10"^ mm Bg) the condensed films have lower densities 
than those shown in Fig. 3* The fact that coatings produced by 
slow evaporation or at higher pressure have lower density end looser 
structure than the compact materieil is known, and was therefore ex¬ 
pected.^3 The higher density of films prepared extremely fast with 
high boat temperature, however, can only be explained by assuming 
that their composition is different from that of the steorting ma¬ 
terial, Since their density is higher than that of silicon mon¬ 
oxide 2.15 g per cu cm) and silica glass 2.2g per cu cm) 

but lower than that of silicon * 2.40 g per cu cm) it must be ac¬ 
cepted tnat films produced with extremely high boat temperature con¬ 
tain more silicon than silicon monoxide does. This assumption is 
supported by the results of electron diffraction studies and opti¬ 
cal investigations. 

Fig. 4 shows the electron diffraction pattern of a silicon mon¬ 
oxide film. The vacuum-deposited films are like the dark material, 
mentiaoned above, condensed at relatively low temperature. They con¬ 
sist of amorphous, homogeneous materieLl and the patterns of such 
films show one halo. The Bragg spacing calculated from this hado is 
d » 3*65 t 0.05 A for films prepared with a boat tenq^erature of 
1250 C and lower, which is in agreement with the X-ray value 
of silicon monoxide. Films produced by faster evaporation, however, 
show a diffuse ring with greater diameter corresponding to a smaller 
spacing. If the evaporation is carried out at a temperature 

12. S. Tolansky, J. Scl. Instr. 22, I6I (19**-5). 

13. W. Walkenhorst, Zs. Tech. Phys. 111- (I9I1I) and Dissertation 

Hannover (l9li-0). 





Tig. Sate of condeiisation and density of flln deposited aB 
functions of toat tenroerature. 
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of ateut 13^0 C the halo of the oondeneed film oorreaponde to 
d • 3*^^ i 0.0^ At The halo of true allloon nonozlde Ilea about 
half vaj heteeen the first atrong ring of allloon (d • 3*1^ A) and 
that of alllca (d ■ h.lO A) hut It heoomea ahlfted oloaer to the 
firat allloon ring for laaterlal eraporated tr<m highly heated hoata. 
Slnoe the electron diffraction pattern of extreoely faat eraporated 
material ahovs only the intense halo and does not ahov either a 
ring of allloon or allloa. It mnat he aaauned that a uniform aolu- 
tlon of allloon and allloai haring a allloon to oxygen ration of 
greater than one, can exist. 


III. 0XIDATI05 OF SILICOH MOHO inffl FILMS 

RdTQRES 


in AIR AT YARIOUB 




Thin films of silicon monoxide can he oxidized to allloon di¬ 
oxide hy heating thma In air. Slow deposited films oxidize much 
faster and at lower temperatures than the more oompact, fast con¬ 
densed ones. After the film la oxidized Its diffraction pi^ttern 
has completely changed and shows with notloeahle Intensity seren 
halos of amorphous silica. When the silica films are heated for 
sereral hours at 9^0 to 1000 C they crystallize and show then a 
sharp ring pattern which Is Identical with that of oC-orlstohallte. 
The Bragg spaolngs (d-ralues) of the seren halos of silicon monoxide 
film oxidized In air at 700 C compared with those obtained from 
X-ray a^ electron diffraction patteins of amorphous silica hy 
Warren^^ aiid Koenlg^^ are listed In Table I. The agreement is 
rather good. 

Table I. Bragg Spaclngs and Estimated Intensities of the halos 

Bragg Spacing (d-raiues in Angstroms) 

Ring No. Electron Diffraction Pattern X-ray Diffraction 



ERDL 

Ebenlg 

Warren 

1 

4,10 (xery strong) 

4,1 

4,17 

2 

2.40 (weak) 

2.4 

_ _ _ 

3 

2,05 (very weak) 

2,0 

2.00 

4 

1.45 (very weak) 

1,45 

1.47 

5 

1.20 (strong) 

1.18 

1.25 

6 

0»97 (very weak) 

0,96 

0.98 

7 

0.80 (weak) 

0,80 

0.79 


The exact oxidation rates of silicon monoxide films In air at 
rarlous temperatures can be determined by optical means. Unlike 
silicon dioxide, silicon monoxide absorbs strongly In the ultrarlolet. 

Ro E. Warren, J. App. Phys. 8, (1937)> and R. E. Warren and 

J. Blscoe, J. Amer. Ceram. Soc. 21, 49 and 259» 1938. 

15. H. Koenig, OptIk 4l9 (1948). 














Fig, Befleotlrltj and traoBBlMlaa of SIO fUas qr ap arated. on 
SIO2 plates at rarlam speeds, as f\niotloai of varelength. 
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Thin films of silicon monoxide vere evaporated onto ultraviolet trans¬ 
parent silica plates and their ultraviolet ahaorptlon vas measured 
before and after exposure to air at various temperatures. The de¬ 
crease of ultraviolet absorption vas used to calculate the amount of 
silicon monoxide oxidized to silica. Fig. 3 shove transmission and 
reflection curves of fast and slov deposited silicon monoxide films. 
All three films have an optical thiclmess of I3OO A. Their absorp¬ 
tion in the visible and Infrared region is very small but it is 
high in the ultraviolet. The ultraviolet absorption and the re- 
fractlve Ixidex in the visible and infrared region increase vith the 
speed of evaporation. The Increase in film density vith speed of 
evaporation is not sufficient to account for the large differences 
in absorption coefficients emd refractive indices. This can only 
be explained by the fact that films resulting from :^t evaporation 
out of highly heated tantalum boats contain more silicon than is 
present in true silicon monoxide. 


The transmission and reflection curves shovn in Fig. ^ vere 
measured in vacuum directly after the evaporation of silicon monoxide 
took place. When the silicon monoxide films are exposed to air they 
partially oxidize to silica. Thus^ their absorbing thickness be¬ 
comes leas euad their ultraviolet transmission increases. Fig. 6 
compares the ultraviolet transmlsaion of slov and fast evaporated 
films before and after exposure to air at room temperature. Very 
little change takes place in fast deposited films, but a stroxig 
increase of transmission occurs in slov condensed ones. This dif¬ 
ference in oxidation behavior is even more evident at higher tem¬ 
peratures. Fig. 7 compares the xxltravlolet transmission of slov and 
fast deposited films before after heat treatments at 400 C in 
air and in air plus steam. The transmission of the slov condensed 
film increases much more than that of the fast condensed one during 
the heat treatment. The calculated oxidation rates of slov and 
fast evaporated films are shovn in Figs. 8 and 9* The thickness 
of^ the silicon monoxide film vhich is oxidized to non-absorbing 
silica can be calculated from the increase of ultraviolet trans¬ 
mission by means of the third equation shovn in Fig. 8. The ab¬ 
sorption coefficient of the unoxidized material,oC, can be deter¬ 
mined by the first equation if the film thickness is measured. 

(t - o') 1= the thickness of silicon monoxide vhich is oxidized to 
silica. is the entering intensity divided by the transmitted 

Irtenslty before oxidation took place, and ^ the same after part 

of the film, is oxidized. After 5 days in air at room temperature, 

'+60 A of the slov deposited and only 5 ® A of the fast deposited 
silicon monoxide film are replaced by silicon dioxide. If the filoH 
a'e heated in air their oxidation increases very rapidly. A slov 
deposited silicon monoxide film of 8OO A thickneds can be com- 
pL.?te.ly oxidized at 400 C in a fev hours vhlle the same treatment 







TRANSMISSION- Ptrctnl 




WAVELENGTH - Millimicron! 
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8. Conparlsan oS ttie oxldA^lon ratias of fas't and sloir deposltod 810 fUjBS ocQ.oula'ted ft'ou 
Inoreaae In ultrariolet transmission and alxacorptlon ooefflolentoC* 
















changes onlj I70 A of a fast condensed film to silica. The much 
looser structure of slov deposited films must he the main reason 
for their higher oxidation rates. Both films oxidize much faster 
If they are hemt treated In air and stesm. At li-OO C, one hour In 
air and steam results In the same oxidizing effect as 30 hours In 
normal air. Fig. 9'damonstrates the Influence of the evapoaratlon 
conditions on the oxidation rates of xacuum-deposlted silicon 
monoxide films In air at room temperature over ^ days. The faster 
the films are deposited^ and the better the racuum Is during their 
condensation, the lover are their oxidation rates. 


lY. BEC0MP08ITIQW OF SILICON MPHOXIDE AT BKffl TEMPERATDRES 
AMD ITS EFFECT OH THE OPTICAL PROPERTIES (g SILICOH MOHOIIDS FlUiS 

If a Tacuum-deposlted thin film of silicon monoxide Is heated 
In an Inert atmosphere Instead of air. It remains unchanged up to 
temperatures of about 6OO C but It decomposes to silicon and silica 
vhen exposed to higher temperatures for several hours. Fig. 10 
shovs the electron diffraction patterns of a silicon monoxide film 
before and after heating In argon at JOO and 90O C. Table II com¬ 
pares the d-values of an untreated and heat-treated silicon monoxide 
film vlth those of vacuum-deposited amorphous and crystalline sili¬ 
con coatings. Silicon Is amorphous vhen It Is condensed on bases at 
temperatures less than 6OC C and forms crystalline films.vhen it Is 
deposited at higher temperatures. The untreated film shovs the 
previously mentioned single halo characteristic of true silicon mon¬ 
oxide. After the film has been heated in argon at JOO C for 2 hours 
Its pattern has completely changed and consists of several diffuse 
rings Identical vlth those obtained from a mixture of amorphous 
silicon and silica. After heating at 9OO C, silicon Is crystallized 
and the pattern of the film shovs only relatively sharp diffraction 
rings of silicon emd halos of silica. In other vords, film material 
Is completely decomposed to silicon and silica. 

The decomposition of silicon monoxide demonstrated with these 
electron diffraction patterns changes the optical properties of such 
films remarkably. Fig. 11 shovs the transmission and reflection 
curves of a thin vacuum-deposited silicon monoxide film before and 
after one hour of heating in argon at 800 C. The heat-treated de¬ 
composed film has a much lover and higher absorption In the visible 
and ultraviolet than has the imtreated silicon monoxide coating. 
MeasTirements of transmission of and reflection, can, therefore, be 
used to study the beglxmlng of decomposition and to distinguish 
between the oxidation and decomposition of silicon monoxide. Oxi¬ 
dation Increases while decon^sltlon decreases the ultraviolet 
transmission of silicon monoxide films. 

l5^i G. Hass, Zs. f. anorg. Chem. 2^77 I66 (19^8). 
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Fig. 10, SIO film a1x)Ut 600 A thick; (left) untreated; 
(center) after 2 hours heating at 700 C in argon; (right) 
after 2 hours heating at 9OO C in argon. 

Table II. Bragg Spaclngs of a SlO-film before and 
after Heating in Argon, Compared vith Those of 
Amorphous and Crystalline Silicon 


Bragg Spaclngs (d-values in Angstroms) 



in Argon 


Silicon 

Untreated 

2 hr at 700 C 

2 hr at 900 C 

Si Condensed 

Si Condensed 




at 20 C 

at 680 C 




Diffuse Rings 

Sharp Rings 



4.10 (diffuse) 



3.60 

3.70 (diffuse, 

3,15 (sharp) 

3.13 

3.15 (very 

(diffuse) 

very broad) 



strong) 



1.92. (sharp) 


1.92 (strong) 


1.75 (diffuse) 

1.635 (sharp) 

1.75 

1.635 (strong) 
1.565 (very 


1.245 (sharp) 

1.20 (diffuse) 1.20 (diffuse) 
1.105 (sharp) 


1.20 


weak) 
1.355 (very 
weak) 

1.245 (medium) 
1.105 (medium) 


To study the decomposition of silicon monoxide at elevated 
temperatures thin films of this material were also heated in high 
vacuum produced by em oil diffusion pump and examined by the 
electron diffraction method. After films are exposed to 800 C 
for 2 hours their pattern shows rings of silicon and silica . 








wavelength- Millimicrons 


11* Reflectivity and transmisBicm of a SiO fila^ before and 
^ter beating fear one hour in argon, as a function of wavelength. 
(SiO-film about 750 A thick evaporated onto a 8i02 Plate at ap- 
prozinately 2 x 10"5 nm Big fren a tantalum boat heated to 1170 Cj 
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Fig. 12. Electron diffraction patterns of a silicon mon¬ 
oxide film a1x>ut 600 A thick before and after heating In 
vacuum of about 1 x 10"5 ma Hg produced by an oil diffusion 
pump. After heating at 85O C for 2 hours pattern consists 
of halos of SiOg and rings of^silicon carbide. 


If, however, the heat treatment Is continued at 850 or 9OO C the 
silicon rings disappear and become replaced by those of cubic 
silicon carbide, in which the lattice constant, a, e(iual=? 4.35 A. 
Fig. 12 shows the electron diffraction patterns of a silicon 
monoxide film before and after heating in a vacuum of about 
1 X 10"5 mm Hg at 800 and 85O C. 

On heating to 850 C in a vacuum of an oil diffusion pump the 
precipitated silicon of the decomposed silicon monoxide film is 
changed to silicon carbide. The cracking of oil molecules on 
heated surfaces furnishes the carbon for this reaction. 


V. SILICON MONOXIIffi FILMS AS BEPLICA AND SUPPOBTING MEMBRAHES 
FOB ELECTRON MICROSCOPE AND ELECTRON DIFFRACTION INVESTIGATIONS 

It has been mentioned previously that silicon monoxide is 
especially suitable for preparing replica and supporting mem¬ 
branes for electron microscope and electron diffraction studies. 
As is generally known, only very thin specimens can be examined 
with the high resolving electron microscope emd with the electron 
diffraction transmission method. The prepeu:ation of extremely 
thin completely structureless supporting and replica films is 
therefore of basic importeuice for such examinations. By evapo¬ 
rating silicon monoxide, unsupported films with a thickness down 
to 150 A can be produced. These films etre amorphous and free of 
grain structure and can be subjected to very intense electron 
bombardment and to heat treatments without breakage and change. 
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Ag-film ttripp«d 
from th« •ptcimpii 



SiO 

Fig. 13. Method for preparlog SIO replica films. 

£i 7 using a tvo-step process similar to the sllTer-collodion one 
first suggested hy Zvorykin and Bamherg^lT silicon monoxide rep¬ 
licas of most surfaces can he made vithout damaging the specimen. 
The technique is explained in Fig. 13. The specimen to he studied 
is placed in a vacuum chamber and a thick layer of silver is 
evaporated onto its surface. The silver, vhlch alvays has poor 
adherence, is pulled off the surface vlth scotch tape and a thin 
film of silicon monoxide is evaporated onto the side of the 
silver layer vhlch has heen in contact vlth the specimen. To 
obtain replicas vlth good contrast the evaporation of the silicon 
monoxide is performed at a angle of Incidence. The silicon 
monoxide replica is nov separated fnm the silver layer by dis¬ 
solving the silver in nitric acid. Fig. l4 shovs silicon mon¬ 
oxide replicas of a 30,000 lines per inch grating prepared by 
this method. The grating replicas produced by evaporating sili¬ 
con monoxide at a S(P angle of ixu;idence shov sharp dark lines and 
are, therefore, especially suitable for calibrating the magni¬ 
fication and for measuring particle sizes exactly. If silicon 
monoxide is evaporated at an angle of the replica shovs 
more details of the grating sur^ce, as can be seen in Fig. 1^. 
Silicon monoxide replicas have been made from the original grat¬ 
ing more than 30 times vithout changiiig its appearance. Fig. 13 
demonstrates the general applicability of the silver-silicon 
monoxide replica method. It shove tha surface of TlBr-TU single 
crystals (ERS-^) after heat treatments. If a ERS-^ crystal is 
heated, it starts to evaporate far belov its melting point and 
fonis pits or etching patterns of regular shape. The shape of 
the pits depends on the crystal orientation and is octahedral on 

17. V.E. Zvorykin and E. G. Bamberg J. App. Fhys. 12, 692 (l^^’l). 









20 



174-3-35 

Fig. 14. Ag-SlO replicas of 30,000 lines per inch grating 
Left: SiO evaporated at a 9CP angle of incidence. Right: 
SiO evaporated at a 45° angle of Incidence. 


the (100) plane. The etching hy heat treatment cp.n he used to 
determine the orientation of such crystals. 

Fig. l6 demonstrates the use of silicon monoxide films as 
supporting membranes for electron diffraction studies. It shovs 
the diffraction pattern of an aluminum film evaporated onto a 
thin "SiO-support." The supporting film is I 50 A thick and, if 
not deposited extremely fast, completely oxidizes to silica. Its 
pattern, vhich consists only of halos^has practically no in¬ 
fluence on the intensity and sharpness of the aluminum rings. 

Such supporting films remain amorphous up to 950 C eind are there¬ 
fore especially suitable to study the crystallization, diffusion, 
and oxidation of evaporated materials at high temperatures. 





Fig. 15* Ag-SiO replicas of TlBr-TU crystal (lOO) plaiie after 
'being heat treated for 20 hours. Top left; 200 C. Top right; 
260 C. Bottom left; 275 C. Bottom right; 3OO C. 



Fig. 16. Electron diffraction pattern of aluminum deposited on a 
150 A thick supporting membrane of silicon monoxide. 
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aaaa* Tha looaar atrootara aad laaar daiwi^ af alaar aaadaaaad filaa 
aaaoaiita for Idda diffaranoa la ozidatioa bahaalaro Ibaa a aaaana- 
dapoaitad thia fila of ailiaaa aaaozida ia haatad la aa laart ataoa« 
phara, it r— Ina vaohaafod vif to taaparataraa af about 600 C, bat it 
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